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® (57) Abstract: The invention relates to a fermented milk product such as yogurt, butter or cheese comprising bacteria from the 
^ Lactobacillus species and yeast and having a galactose content of less than 1,2 g/1, a lactose content of less than 1,2 g/1, and lactic 
^ acid content of at least 0.2 weight %. It also relates to a two step method for producing fermented yogurt with Lactobacillus bacteria 
^ ana " yeast- Further, it concerns a pharmaceutical or probiotic composition comprising the fermented milk product, use of such a 
fermented milk product for the production of a pharmaceutical for lowering of plasma triglycerides and lipids, for hampering cell 
Q death and fatty-liver, especially caused by the consumption of alcohol, for profylax and treatment of atherosclerosis and coronary 
^ heart disease and for profylax and treatment of lactase and galactase deficient individuals. It also concerns a symbiotic or functional 
^ food product comprising the fermented milk product. 
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The present invention relates to a fermented milk product such as yogurt, butter or cheese 
comprising bacteria from the Lactobacillus species and yeast and a lactose content of less 
than 10 g/1 and a lactic acid content of at least 0,2 weight %. It also relates to a unique 
two-step method for producing fermented yogurt with Lactobacillus bacteria and yeast. 
Further, it concerns a pharmaceutical or probiotic composition comprising the fermented 
milk product, use of such a fermented milk product for the production of a 
pharmaceutical for lowering of plasma triglycerides and lipids, for hampering cell death 
and fatty-liver caused by the consumption of alcohol, for profylax and treatment of 
atherosclerosis and coronary heart disease and for profylax and treatment of lactase and 
galactase deficient individuals. It also concerns a symbiotic or functional food product 
comprising the fermented milk product 

15 Technical background 

Alcohol, at least in industrialised countries is perhaps the most common cause of liver 
cirrhosis. Alcohol is a hepatotoxin that affects mitochondrial and microsomal functions, 
where part of the hepatotoxic effects could be attributed to enzymatic oxidation of 

20 ethanol to acetaldehyde. The ethanol metabolism has furthermore been implicated in 
increased mobilisation of free fatty acids, diminished utilisation of triglycerides, 
decreased oxidation of fatty acids, increased esterification and reduced lipoprotein 
excretion (Niemela et al., 1998). Free radicals generated from oxidative stress can 
remove electrons from unsaturated fatty acids resulting in lipid radicals. The lipid 

25 radicals can react with oxygen to form lipid peroxide radicals which, in turn, interact with 
other fatty acids, thereby creating a chain reaction of lipid peroxidation. Such chain 
reactions may generate biologically active compounds, such as molecules that cause 
widening or narrowing of blood vessels, thereby increasing the risk of cardiovascular 
disease (Ponnappa et al., 2000). 

30 In general Lactobacillus cultures possess low lipase activity. The lipids in fermented 
yogurt product are partially degraded and thus the digestibility of hydrolysed fermented 
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yogurt fat is higher. According to Blanc et al., 1973, there is a 2.5-fold increase in free 
acids in natural yogurt compared to milk. Rasic et al., 1978, concluded that the lipase 
activity processed by lactic acid bacteria in yogurt favourably influences the dietetic 
value of the final fermented product. 

5 

Intracellular accumulation of cholesterol and cholesterol esters are prominent also in non- 
alcohol related diseases, where atherosclerosis would be the most important disease. 
Results from several studies indicate that the consumption of yogurt reduces the serum 
cholesterol levels. Mann et al, 1972, found that serum cholesterol levels in African men 
10 decreased after consumption of yogurt. In another study by Mann et al, 1977, yogurt was 
found to have a hypocholesterolemic effect on Caucasians, where incorporation of C| 4 - 
acetate into cholesterol was reduced during yogurt ingestion, suggesting that the yogurt 
products inhibit cholesterol synthesis. 

15 It has now turned out that a milk product that has been fermented in a first step with 
lactobacilli and in a second step, preferably after dilution(s) with lactobacilli and yeast 
comprises a low content of lactose and a high content of lactic acid compared to ordinary 
yogurt. Yogurt and butter and cheese produced thereof have beneficial effects on 
pharmacokinetics of alcohol. Thus, these products protect epithelial cells against 

20 exposure to alcohol, reduce the blood alcohol concentration (BAC) and lower the plasma 
lipid content. 

USP 4 034 115 and EP 0 122 104 disclose a two and three step respectively fermentation 
process of milk with lactobacilli in order to break down lactose in milk. No yeast is used 
25 and there is no information about any effect on pharmacokinetics of alcohol. Tarhana is a 
fermented product comprising yogurt and yeast but also cereal and vegetables such as 
tomatoes, onions, green pepper etc., Department of Food Engineering, Trakya University, 
Agriculture Faculty of Tekirdag, Turkey, 2000. 
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Summary of the invention 

The present invention relates to a fermented milk product such as yogurt, butter or cheese 
5 comprising bacteria from the Lactobacillus species and yeast and having a galactose 

content of less than 1,2 g/1, a lactose content of less than 1,2 g/1, and lactic acid content of 
at least 0.2 weight %. It also relates to a two step method for producing fermented yogurt 
with Lactobacillus bacteria and yeast. Further, it concerns a pharmaceutical or probiotic 
composition comprising a fermented milk product, comprising bacteria from the 

10 Lactobacillus species and yeast, use of a fermented milk product for the production of a 
pharmaceutical for lowering of plasma triglycerides and lipids, for hampering cell death 
and fatty-liver caused by the consumption of alcohol, for profylax and treatment of 
atherosclerosis and coronary heart disease and for profylax and treatment of lactase and 
galactase deficient individuals. It also concerns a symbiotic or functional food product 

1 5 comprising the fermented milk product 

Due to the additional fermentation step in the final fermented yogurt product, the level of 
lactic acid is higher and the lactose content is significantly lower, compared to 
conventional yogurt (Example 6 and 7). 

20 

The influence by lactic acid from the yogurt according to the invention is demonstrated 
(see below). In addition, bacterial alcohol-dehydrogenase (ADH) and acetaldehyd- 
dehydrogenase (ALDH) are produced, which decrease the bioavailability of ethanol by 
production of acetaldehyde andacetate. 

25 

Addition of fermented yogurt suspension or lactic acid to human epithelial cells (KB) 
diminished ethanol-induced cell-death (Example 2). The fermented yogurt end product 
reduces ethanol (Example 4) and triglycerides levels in serum. 
The fermented yogurt products cause delayed uptake of ethanol in the gastrointestinal 
30 (GI) tract and a reduction in systemic ethanol levels. The regular intake of the fermented 
products may attenuate development of fatty-liver caused by extensive consumption of 
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ethanol and in addition, stabilise Atherogenic Index (AI, explained in page 20), which 
would be beneficial for prevention of atherosclerosis and coronary heart disease. 

Thus, the products according to the present invention are novel preventive and 
5 therapeutic agents for combating disorders caused by excessive alcohol intake, and/or 
elevated blood-lipids levels. They can be used for the reduction of total plasma 
cholesterol and serum ethanol concentration thus lowering the incidence of coronary 
heart disease and fatty liver disease, respectively. 

1 0 Detailed description of the invention 

The present invention relates to a fermented milk product comprising bacteria from the 
Lactobacillus species and yeast and a galactose content of less than 1,2 g/1, a lactose 
content of less than 1,2 g/1, and lactic acid content of at least 0.2 weight %. 

15 

The expression "comprising" refers to the fact that also other ingredients may be present 
in the product. 

Preferably the galactose content is less than 1,2 g/1 (0,12%) and the lactose content less 
20 than 0,4 (0,04%) g/1 and most preferred the galactose content is less than 0,4 g/1 (0,04%) 
and the lactose content of less than 0,4 g/1 (0,04%). 

The pH of the milk product is below 4,5, especially below 4,1 and most preferred below 
3,5 and especially 3,4. 

25 

The yeast may be any yeast such as Kluyveromyces thermotolerans, Pichia fermentans 
and Saccharomyces cerevisiae. Preferably the yeast is chosen from Kluyveromyces 
marxianusAiansen Van der Walt, kafir 14, DSM 14502. 
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The Lactobacillus species may be chosen from the genus Lactobacillus and 
Streptococcus, preferably L helveticus (AD4550/01 DSM 14492) and L acidophilus (Lb. 
67 DSM 14499). 

5 The fermented milk product according to the invention may be any dairy product such as 
yogurt, butter, cottage cheese or cheese. 

The invention also relates to a method for producing a fermented yogurt, characterised in 
that milk is heated, Lactobacillus bacteria are added and the bacterial suspension is 
10 incubated at 25-30, preferably at 37°C for 2-24, preferably 12 hours in normal 
atmosphere, the yogurt produced is preferably diluted with water and additional 
Lactobacillus bacteria and in addition, yeast is added and the suspension is incubated at 
15-25 °C, preferably at room temperature for 1-15, days, preferably 7 days in a closed 
system. 

15 

Fermentation is here defined as processes that release energy from carbohydrates but do 
not require oxygen. 

According to the invention a multi-cultural fermented yogurt is made using at least one 
20 preferably at least two Lactobacillus strains in combination with at least one yeast strain 
by processes that utilise the disaccharide carbohydrate lactose, which is naturally present 
in yogurt. The Lactobacillus strains and yeast strain respectively may be the same or 
different strains. 

25 The milk, that is used as starting product, may be any type of milk, such as natural and 
untreated milk, pasteurised and homogenised milk of low fat type, standard type or with 
the natural content of fat. 

The milk is warmed to 25-120°C, preferably 35-1 10 °C, especially 85-105°C and most 
30 preferred to 100°C for at least 5 minutes, preferably at least 10 minutes and especially for 
about 15 minutes. 
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A culture of bacteria is added. The bacterial suspension is then incubated at 25-50 °C, 
preferably 37°C for at least 5 hours, preferably 7-20 hours and most preferred 12 hours in 
normal atmosphere. 

5 

The yogurt then produced is diluted such as with water. It has turned out that the second 
fermentation process is dependent on dilution. 1 volume yogurt may be added to 0,2-10 
volumes of water, preferably to 0,5-6 volumes of water, especially to 1-4 volumes of 
water and most preferably to 2 volumes of water, i.e. a dilution of 1/1.2-1/1 1 vol/vol., 
10 preferably 1/1,5-1/7 vol/vol., especially 1/2-1/5 voL/voL and most preferred l/3vol./vol. 
Additional Lactobacilli bacterial cells diluted 1:1000 and yeast diluted 1:10000 of 
cultivated cell cultures are added. The suspension is then incubated at room temperature 
(20-30°C) for at least 24 hours, preferably 2-15 days, preferably one week in a closed 
system. 

15 

The dilution with water, that is a dilution step without the addition of nurturance (such as 
milk-product) will drive the fermentative processes further, which promotes the 
formation of beneficially substances and effects as described below, where the unique 
combination of low lactose and galactose continuance qualitative characteristic of the 
20 products. 

The end product comprises about 15%, especially 5-10% living lactobacillus strains. It is 
believed that this is due to the degradation of both lactose and galactose. 

The product may be kept in room temperature for more than a year and still keep its 
25 qualities. 

Any additives such as stabilising, thickening and/or flavouring agent may be added. To 
compensate for the taste of fermented yogurt preferably sodium chloride (e.g. 0.08% w/v 
NaCl) is added. As thickener hydroxymethyl cellulose may be used. 
30 As stabilisers gelatine, vegetable gums, carboxymethyl cellulose, locust bean, guar and 
seaweed gums like alginates and carrageenans. 
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The multi-cultured yogurt is then further fermented for about one week. Then the 
churning cream in form of butter may be separated from the fermented suspension by 
shaking at 30° for 24 hours. The butter consists of 95% fat and live bacteria and yeast. 

5 

The invention relates to any type of cheese such as cottage cheese made from the 
multicultural milk product of the invention according to well established methods in 
industry. 

10 The content of lactose in the product is less than 10 g/1, preferably less than 5 g/1, 

especially less than 2 g/1 such as less than lg/I and especially less than 0,8 g/1. Normally 
the lactose content in yogurt and lactose free milk is between 10-30 g/1 respectively 1-10 
g/1 (according to the Swedish national food administration). Most preferably the lactose 
content is less than 1 g/1 and preferably less than 0.05 g/1, especially less than 0.4 g/1 and 

1 5 most preferably less than 0.4 g/1. 

The lactic acid content of the multi-cultural product is at least 0.2 weight % preferably at 
least 0.3 weight %, such as at least 0.4 weight %. The content is typically around 0.3-0.6, 
especially 0.4-0.5 weight %. This is more than in the casual yogurt, which contains D(-) 
20 lactic acid (0.05 g/lOOg) and L(+) lactic acid (0.07 g/lOOg) in total 0. 12 weight % 3 

compared to the fermented yogurt which contain higher amount especially of the D (-) 
isomer, around 0.5 g/lOOg). 

The invention also relates to a pharmaceutical or probiotic composition comprising a 
25 fermented milk product, comprising bacteria from the Lactobacillus species and yeast 
having a lactose content of less than 1,2 g/1 and especially less than 0,8 g/1 and a lactic 
acid content of at least 0.2 weight %. 



30 



The invention also relates to a pharmaceutical or probiotic composition comprising a 
fermented milk product, comprising bacteria from the Lactobacillus species and yeast 
having a galactose content of less than 1,2 g/1, especially less than 0.4 g/1. 
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One aspect of the invention is the use of a fermented milk product according to the 
invention for the production of a pharmaceutical for lowering of plasma triglycerides and 
lipids. 

5 

Another aspect of the invention is the use of a fermented milk product according the 
invention for the production of a pharmaceutical for hampering cell death, especially 
caused by the consumption of alcohol. 

10 A further aspect of the invention is the use of a fermented milk product according to the 
invention for the production of a pharmaceutical for hampering fatty-liver, especially 
caused by the consumption of alcohol. 

Still another aspect of the invention is the use of a fermented milk product according the 
1 5 invention for the production of a pharmaceutical for profylax and treatment of 
atherosclerosis and coronary heart disease. 

The invention also covers the use of a fermented milk product according the invention for 
the production of a pharmaceutical for profylax and treatment of lactase and galactase 
20 deficient individuals. 

The invention also concerns a symbiotic or functional food product comprising the 
fermented milk product 

25 The invention will now be described with the help of the following figures: 

Figure 1A. Analysis of the effect of ethanol and fermented yogurt in a dilution series on 
human epithelial cells. Spots staples indicate the effect of ethanol on epithelial cells and 
sphere staples indicate the protective effect of fermented yogurt-supernatant (v/v). The 
30 error bars indicate the percentage error amount (± 5%). FY; Fermented Yogurt. 
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Figure IB. Analysis of the protective effect of lactic acid mixed with a dilution series of 
alcohol on human epithelial cells. Spots staples indicate the protective effect of ethanol 
on epithelial cells and outlined diamond indicate the effect of 0.4 lactic acid (v/v) in the 
presence of ethanol with increasing dilution. The error bars indicate the percentage error 
5 amount (± 5%). LA; Lactic Acid. 

Figure 1C. Analysis of the protective effects of fermented yogurt mixed with a dilution 
series of alcohol on human epithelial. Spots staples indicate the effect of ethanol on 
epithelial cells and horizontal brick indicate the protective effect of fermented yogurt- 
10 supernatant (v/v) in the presence of ethanol with increasing dilution. The error bars 
indicate the percentage error amount (± 5%). FY; Fermented Yogurt. 

Figure 2A. The protective effect of the fermented yogurt on the blood alcohol 
concentration (BAC), in one healthy man after oral administration of 62.5 ml ethanol 

15 (40% v/v) diluted with 62.5 ml orange juice. 45 minutes after intake of alcohol, the blood 
samples was obtained. The Figure shows the corresponding concentrations of serum 
ethanol after drinking of different quantities of fermented yogurt. Dashed vertical staples 
indicate the negative control (300 ml milk) and shingle staples show different intake of 
fermented yogurt in ml. The error bars indicate the percentage error amount (± 2.5%). Al; 

20 Alcohol, FY; Fermented yogurt. 

Figure 2B. Serum alcohol profile in three healthy subjects (I, II and III), who consumed 
62.5 ml ethanol (40% v/v) diluted with 62.5 ml orange juice, together with 300 ml 
fermented yogurt in exactly 30 minutes after standard breakfast. 45 minutes after 
25 drinking end, samples of blood were obtained. The spot staples indicate serum alcohol 
profile in combination with milk (300 ml, as control), and shingle staples are 
corresponded alcohol profile in combination with fermented yogurt. The error bars 
indicate the percentage error amount (± 2.5%). FY; Fermented Yogurt. 

30 Figure 3. Serum alcohol profile in two healthy subjects (I and II), who drank 250 ml 

ethanol (40% v/v) in two different occasions in exactly 3 hours immediately after dinner. 
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In the first occasion 500 ml milk and in the second occasion 500 ml fermented yogurt 
(shingle staples), after end of drinking. After eight hours after drinking end, samples of 
blood were obtained. The error bars indicate the percentage error amount (± 2.5%). Al; 
Alcohol, FY; Fermented Yogurt. 

5 

Figure 4. Serum-triglyceride concentration profile for five healthy volunteers (I, II, III, 
IV and V) before and after treatment with fermented yogurt/butter. One person, who had 
normal diet during experiment (I), was used as control, and two persons (II and III) 
consumed 45 g fermented butter diurnal. IV and V represent the persons who consumed 
10 one litre-fermented yogurt. Spot staples indicate triglyceride concentration before and 
shingle staples after treatment. R; Reduction, Ine; Increase. 

Figure 5. Atherogenic Index (AI) profiles for 5 healthy persons (I, II, III, IV and V), who 
consumed either one litre fermented yogurt (II and III) or 45 gram fermented butter 
15 diurnal (IV and V). One person (I) with normal diet during the experimental period (30 
days) was used as control. Spot staples indicate AI before and shingle staples after 
treatment. FY; Fermented Yogurt, FB; Fermented Butter. 

The invention will now be described more in detail referring to the following non- 
20 limiting examples. 

Example 1 . Fermentation of yogurt 

Lactobacillus and growth conditions 
25 For production and fermentation of yogurt a bacterium of the Lactobacillus species, 
preferably Lactobacillus acidophilus (Lb 67 DSM 14499), Lactobacillus helveticus 
(AD45 50/01 DSM 14492) and yeast (Kluyveromyces marxianusAieinscn Van der Walt, 
kqfir 14, DSM 14502;, were grown in MRS broth (Difco) or Rogosa plates, in 37°C with 
gentle shaking for 24 hours. 

30 

Fermentation process 
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To one litre of standard milk (3% fat) boiled to 100°C for 1 5 minutes, 4* 10 9 "colony 
forming units" (CFU) of cultivated bacterial (L. helveticus, grown in MRS broth) was 
added. The milk suspension was then incubated in 37°C for 12 hours in normal 
atmosphere. The yogurt then produced was diluted with water (1 :3 or 1 L yogurt and 2 L 
5 water) and additional bacteria and yeast cells (L. acidophilus 4* 10 9 , and Kluyveromyces 
marxianus, 1* 10 9 , per one litre yogurt suspension) of cultivated cell cultures was added. 
The suspension was then incubated at room temperature for one week in a closed system. 
To compensate for the taste of fermented yogurt Sodium Chloride (0.08% w/v NaCl) was 
added. 

10 

Example 2. Fermented yogurt protects epithelial cells against exposure to alcohol 
Cytotoxicity assays 

To determine the cytotoxic effect of ethanol and protective effects by fermented yogurt or 
15 lactic acid on KB cells (final concentration in the assay mixture 4-8%), several assays 
were used. The combinations of 8%-ethanol (v/v) and 8%-fermented yogurt suspension 
(v/v) or 0.4% lactic acid (v/v) were incubated at 37°C for 24 h before use. The pH of 
lactic acid solution was adjusted to 4.9 before incubation with ethanol. Changes in cell 
morphology and detachment from the underlying surface were monitored by light 
20 microscopy at 400 X magnification. For estimation of the uninjured cells attached to the 
surface of the culture well, the neutral red uptake assay was used. For this purpose, fresh 
confluent cell layers in a 96-well microtiterplate were incubated at 37°C for up to 4 h in 
culture medium (E-MEM with antibiotics and glutamine or keratinocyte growth medium) 
with 5 mM L-cysteine. The medium was replaced by 0.1 ml D-MEM-medium, 
25 containing 10% fetal calf serum. Then, medium was incubated at 37°C with 40 ng/ml 
neutral red for 2 h. The uptake of neutral red by the cells was measured at 540 nm after 
fixation and solubilisation of the cells in 50% ethanol with 1% acetic acid. 

The epithelial cell cultures 
30 The target cells used were human epithelial cell culture (KB-line, CCL 17, Flow 
Laboratories, Glasgow, UK) grown at 37°C in the presence of 5% C0 2 . 
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KB cells were grown in Eagle minimum essential medium (E-MEM) supplemented with 
20,000 U/l penicillin, 100 jig/1 streptomycin, 0.2 mg/1 L-glutamine and 10% fetal calf 
serum were added. Then, cell culture medium was enriched with non-essential amino 
5 acids (10 ml/1 from a stock solution). The growth medium was changed every 48 h. The 
KB cell cultures in the cytotoxicity experiments were in their third to eighth passage used 
as the target cells. 

Chemicals 

10 E-MEM, L-glutamine, and fetal calf serum were purchased from Flow Laboratories, 

Glasgow, UK. Keratinocyte growth medium was from Promocell, Heidelberg, Germany. 
Proteinase inhibitors and N-a-benzyl-DL-arginine /?-nitroaniline (BApNA) were obtained 
from Boeringer Mannheim, Germany. Bovine serum albumin, antibiotics, non-essential 
aminoacids (lOOx concentrated stock solution), metal salts, Azocoll and other compounds 

15 were obtained from Sigma Chemical Co., St. Louis, MO, USA. 

The epithelial cell lineage KB, was established and used to investigate the possible cell 
protective effects of sterile filtrated fermented yogurt on alcohol exposure in vitro. 
Fermentation results in conversion of the lactose into lactic acid and thereby contributes 
20 to acidity (pH 4.9) of the product. Pre-digestive and enzymatic activities by Lactobacillus 
md yeast strains in combination with low pH could possibly have negative effects on 
cell-growth. In Figure 1 A, the epithelial cells were exposed to either alcohol or fermented 
yogurt in dilution series and cell viability was analysed. There was no significantly 
reduction in viable cells due to exposure to fermented yogurt only. 

25 

Probably, fermented yogurt contains several bio-active compounds, with inhibitory 
effects on alcohol. The presence of lactic acid in fermented yogurt is desirable since it 
acts as a natural preservative and thereby contribute to the biological safety of the 
product, therefore, the bio-protective effects of lactic acid against alcohol was analysed. 
30 The results (Fig IB) demonstrate that lactic acid in low concentration (0.4, pH 4.9) 
protects the epithelial cell viability during alcohol exposure. 
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Finally, the original suspension of fermented and edible yogurt was evaluated for 
protective effects facing alcohol exposure. In Fig 1 C, the epithelial cells were exposed to 
alcohol together with fermented yogurt product. Interestingly, the results show congruity 
5 as in Fig B, where toxicity of alcohol is negligible in presence of lactic acid. 

Here, ethanol possibly due toesterification with lactic acid (Fig IB) or constituents of 
fermented yogurt such as amino acids glycine and alanine became undetectable in the 
blood as free ethanol. The similar effects by amino acids has been described by 
10 Widmark, 1933, Widmark, 1936; Neymark and Widmark, 1941). Long-term 

fermentation of a multi-cultured yogurt cause low pH due to lactic acid and consequently, 
lysis of the bacterial cells. Thereby, high levels of endogenous ADH and ALDH enzymes 
are released in to the Gl-tract and available for inactivation of ethanol. 

15 Example 3. Blood alcohol concentration (BAC) in one individual after oral 
administration of ethanol together with different volumes of fermented yogurt 

Determination of blood ethanol 

Venous blood samples obtained from an indwelling catheter were used for determination 
20 of blood ethanol. The blood was drawn into 5 ml Vacutainer tubes containing Sodium 
fluoride (20 mg, NaF) and heparin (143 units). Aliquots of blood-serum (100 |il) were 
removed and diluted 1 1-fold with n-propanol (8 mg/1) as an internal standard. The serum 
and internal standard were injected into head space sampling vials (22 ml), which were 
immediately made air-tight with rubber stoppers and crimped-on aluminium caps. For 
25 gas chromatography, a glass column packed with Carbopack C (0.2% Carbowax 1500 on 
Carbopack 80-100 mesh) was used as the stationary phase. The analytical precision 
expressed as the standard deviation of a single determination increases with the 
concentration of ethanol in the samples. The limit of quantification for this method is 
approximately 0.22 mmol/1 (I mg/1), (Jones, 1991). 
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Figure 2 A shows blood alcohol concentrations (BACs) from a series of experiments. 
Here, the volunteer consumed 62.5 ml of ethanol (40% v/v, diluted to 20% v/v with 
orange juice) supplemented with milk or fermented yogurt. In the control experiment, the 
volunteer drank an identical volume of ethanol but supplemented with 300 ml of regular 
5 milk, a mixture which did not confer any reduction in BAC compared to the positive 
control (Fig 2A, milk). In the next series of sessions, the same volunteer again consumed 
the identical volume of alcohol, but in combination with increasing volumes of fermented 
yogurt product. Blood samples were obtained 45 minutes after start of intake of ethanol. 
The results suggest that already 100 ml of fermented yogurt product significantly reduced 
10 BAC, while consumption of 300-400 ml of yogurt product can further reduce BAC. 

It was found that consumption of ethanol with fermented yogurt, regardless of the 
nutritional composition of the meal, caused a pronounced lowering of the peak BAC 
compared with casual yogurt or milk in three subjects (Fig. 2B). It is believed that the 

1 5 reduction in BAC for the consumption of fermented yogurt compared to milk can be 
explained by two mechanisms. First, fermented yogurt contains high level of lactic acid, 
which can esterfy ethanol. Ethanol has here shown to undergo esterification with lactic 
acid (Fig IB) or constituents of fermented yogurt such as amino acids glycine and alanine 
and therefore become undetectable in the blood as free ethanol. Second, long-term 

20 fermentation of a multi-cultured yogurt cause low pH by lactic acid and consequently, 
lysis of the bacterial cells. Thus, high levels of endogenous ADH and ALDH enzymes 
are released. 

Example 4. The effect of fermented yogurt on BAC in three volunteers 

25 

Effect of fermented yogurt on alcohol pharmacokinetics 
The protective effect of pre-treatment of fermented yogurt was analysed in three 
volunteers. Here the higher level of fermented yogurt was chosen, i.e. the 300 ml volume, 
and ingested with ethanol during a 45-minut test period. 
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Three healthy male and female students with a mean age 25.3 yr. (range 18-35), a mean 
body weight of 60.3 kg (range 50-68 kg), and a mean high of 169.3 cm (range 158-180 
cm) were recruited as non-paid volunteers. All subjects were non-smokers except for one 
and in good health. They were not taking any medication at the time. 
5 Each subject participated in four experimental sessions with at least one day apart. A 
small dose of alcohol (0.35-0.5 g/kg) was administered after the subjects had eaten a 
standardised breakfast. The ethanol (40% v/v) was diluted with orange juice to give a 
20% v/v cocktail and consumed with 300 ml-commercial yogurt diluted with water (milk 
consistence) during 30 minutes period after breakfast. 15 minutes and 8 h later, a venous 
10 blood samples were drawn. In the next session, the subjects consumed the same volume 
and doses of ethanol, but with 300 ml of fermented yogurt instead of milk. 

The meals were prepared from commonly available foodstuffs used for breakfast in 
Sweden and the individual components were chosen to contain low proportions of fat 
15 (20%) and protein (36%) and carbohydrate (46%), providing approximately 500 kcal of 
energy. 

Figure 2B shows the individual BACs after treatment with fermented yogurt. In all three 
cases the yogurt pre-treatment had conferred substantial reductions in BAG levels, 
ranging from 58% to almost 80% in reduction, with a mean reduction of 69% in BAC. 

20 

Example 5. The effect of delayed administration of fermented yogurt on BAC in two 
volunteer persons 

The effect of delayed ingestion of the fermented yogurt product on BAC was also 
25 investigated. At two different occasions, the two volunteer persons first ingested 250 ml 
alcohol (40% v/v) during a three-hour period, following dinner. By the end of the 3 hour 
extended period of alcohol consumption, the volunteer persons were given 500 ml of 
regular milk in a first session, respectively 500 ml of fermented yogurt product in a 
second (identical) session. The BAC values were measured after an additional 8 hours 
30 period. The results demonstrate that also delayed administration and ingestion of the 
fermented yogurt product affects the pharmacokinetics of ethanol absorption. Here, we 
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could show that the final BAC values was still reduced by more than 70% (mean 
reduction), Fig 3. The results suggest that the active components of the fermented yogurt 
product exhibit alcohol reducing and cleansing properties also when the alcohol has been 
absorbed from the Gl-tract to the blood and systemic circulation. 

5 

Yet another mechanism which might explain the decreased bio-availability of ethanol 
when consumed together with fermented yogurt is the amplified action of gastric ADH. 
When ethanol remains in the stomach for a longer period of time, because of binding to 
constituents of the fermented yogurt, oxidation by gastric and bacterial ADH would be 
10 facilitated. 

The results from Fig 3 suggest that alcohol can be metabolised and thus reduced from 
blood in the first passage metabolism (FPM), because of the induction of ADH and 
ALDH enzymes to the gastrointestinal epithelial lining by fermented yogurt. Therefore, 
15 the remained alcohol in stomach does not entrance into the systemic circulation. 
Alternatively, lactic acid might be absorbed to the systemic circulation and cause 
esterification of alcohol. 

Example 6. The content of lactose and galactose in fermented yogurt product 

20 

The content of galactose and lactose in the fermented yogurt produced in Example 1 were 
analysed by use of ion-chromatography with electrochemical detection. The analysis was 
performed by AnalyCen Nordic AB, 404 29 Gothenburg, Sweden. The analyse method 
was done with high-performance liquid chromatography (A206:21, HPLC). 

25 

Lactase and galactase seem to be present in active forms since the level lactose and 
galactose were significantly decreased in fermented yogurt compared with casual yogurt. 
The concentrations of these carbohydrates were less than 0.4 g/L by using ion 
chromatography with electrochemical detection. The results suggested the corresponding 
30 enzymes lactase are present in active form and suggest the beneficially preparation of 
fermented yogurt product for lactase and galactase deficient individuals. 
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In individual suffering from galactosemia (a rare inherited inborn error of metabolism) 
free galactose may cause intolerance. We also analysed the content of lactose and 
galactose. In the fermented yogurt product the results showed 90% reduction of lactose 
5 and galactose which could be important factor for better tolerating fermented yogurt by 
lactase or galactase deficient individual. 

Example 1. The content of lactic acid optical isomers (L + and D -) in fermented yogurt 
product 

10 

Lactic acid in fermented yogurt occurs in two optical isomers, L(+) and D(-). In order to 
prevent the appearance of metabolic acidosis due to the inability of the body to transform 
or metabolise sufficient amount of D(-) lactic acid, the content of L(+) and D(-) isomers 
were analysed by using spectophotometery analysis. The casual yogurt contain D(-) lactic 
1 5 acid (0.05 g/lOOg) and L(+) lactic acid (0.07 g/lOOg) compared to the fermented yogurt 
which contain higher amount of D (-) isomer, (0.47 g/lOOg). 

Fermentation results in the conversion of some of the lactose into lactic acid. The World 
Health Organisation (WHO) recommends that no more than 100 mg D(-) lactic acid per 
20 kg body weight should be consumed daily (WHO, 1974). Our results suggest that one 
litre of liquid fermented yogurt daily is completely safe in a normal diet based on WHO 
recommendation 1974. 

In the presence of D-lactate dehydrogenase (D-LDH), D-lactic acid (D-lactate) is 
25 oxidised by nicotinamide-adenine dinucleotide (NAD) to pyruvate. The oxidation of L- 
lactic acid requires the presence of the enzyme L-Lactate dehydrogenase (L-LDH). 

D-lactate + NAD + D " LDH Pyruvate + NADH + H* 
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L-lactate + NAD + L " LDH Pyruvate + NADH + YC 
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The equilibrium of both these reactions are almost completely towards lactate. However, 
by trapping pyruvate in a subsequent reaction catalysed by the enzyme glutamate- 
pyruvate transaminase (GPT) in the presence of L-glutamate, the equilibrium can be 
displaced in favour of pyruvate and NADH. The amount of NADH formed in the above 
5 reactions is stoichiometric to the amount of D-lactic acid, respectively. The increase in 
NADH is determined by means of its light absorbance at 334, 340 or 360 nm. The kit and 
other compounds were obtained from Boehringer Mannheim, USA. 

Example 8. Composition of fermented butter 

10 

Separation of butter from fermented yogurt. 

The multi-cultured yogurt was fermented for one week. Butter was made by churning of 
liquid fermented yogurt until the fatty globules of butter separated from the suspension. 
The churning cream in form of butter was separated from the fermented suspension by 
15 shaking at 30°Cfor 24 hours. The butter constituency was analysed by gas- 

chromatography with capillary column and flame ionisation's detector (AnalyCen Nordic 
AB, 404 29 Gothenburg, Sweden). 

Estimation of the Colony Forming Units (CFU), and homogeneous colony from original 
20 inoculum. 

A serial dilution was made to estimate the number of living bacteria in the fermented 
yogurt and butter products. 1 ml samples were transferred to a tube containing 9 ml of 
sterile water and a serial dilution was made and inoculated on selective ROGOSA-plates 
for Lactobacillus and blood agar plates. The colony forming units was used to calculate 
25 the viability of the in-cultivated bacterial strains. The homogeneity of the colonies was 
confirmed by Gram staining. 

Similar to the fermented yogurt the fermented butter contains live bacteria. By analysis of 
serial dilutions, 1.2 x 10 6 of colony forming units (cfu) per ml was found. This number of 
30 live bacteria corresponds to 5% of cfu compared to fermented yogurt (cfu; 2.4 * 10 7 ). The 
composition of the fermented butter was also analysed by gas chromatography, where it 
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was shown that close to 30% of fatty acids were unsaturated while 66% were saturated 
fatty acids (Table 1). 

Example 9. Effect of fermented yogurt or fermented butter on plasma lipid in five 
5 volunteers 

The effect of long-term intake of fermented yogurt or fermented butter on serum lipid 
levels in five healthy, normolipidemic adult volunteers was investigated during the 4 
weeks study. One person kept the casual and normal diet during the experiment and was 

10 used as a non-treated control. Two groups consisting of two volunteer each group 
supplemented their daily diet with 45 gram fermented butter or one litre fermented 
yogurt. The butter consists of 95% fat and live Lactobacillus helveticus, Lactobacillus 
acidophilus bacteria and yeast. Blood samples were drawn for analysis two times; before 
start of experimental diet and another sample taken after the 4 weeks period and analysed 

1 5 for total cholesterol, LDL, HDL and triglyceride. Fig 4 shows the serum-triglyceride 
levels of both groups (fermented yogurt and butter). Serum-triglyceride concentration 
was decreased with 18.4% (mean reduction) in the fermented yogurt group (IV and V), 
whereas the two persons in the fermented butter group showed an increase with 20% 
(mean increasing), after the 4 weeks period (II and III). 

20 

Interestingly, the Atherogenic Index (AI), [(total cholesterol - High-Density Lipoprotein 
cholesterol)/High-Density-Lipoprotein cholesterol] for both groups (butter and fermented 
yogurt groups) showed very small changes even after 4 weeks of consumption of butter 
(mean AI; from 2.97 to 3.02) or fermented yogurt (mean AI; from 2.13 to 2.05). The 
25 control showed an increase of triglyceride by 2% and almost no change in AI (AI; from 
3.38 to 3.31), (Fig 5). 

Here, it is shown that fermented yogurt can lower the blood concentration of triglycerides 
and replacement of fermented butter, as an alternative to common butter, does not 
30 increase the serum triglycerides level significantly. These results indicate the potential 
use of fermented butter or yogurt with both protective and therapeutic effects. 
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Independent of daily high intake of fermented butter or fermented yogurt, the atherogenic 
index were still constant (Fig 5). 

5 Effect of fermented yogurt on serum-lipid concentration. 

Two healthy females with a mean age 49.5 yr. (range 44-55), a mean body weight of 67.5 
kg (range 60-75 kg), and a mean high of 161 cm (range 160-162 cm) were recruited as 
non-paid volunteers. All subjects were non-smokers and in good health. They were not 
10 taking any medication at the time. 

One litre-fermented yogurt was administered diurnal for exactly 30 days. Before and after 
the end of experiment, a venous blood sample was drawn. 

Two other healthy men and two females with a mean age 5 1 .5 yr. (range 36-67), a mean 
15 body weight of 61.5 kg (range 54-69 kg), and a mean high of 157.5 cm (range 155-160 
cm) were recruited as non-paid volunteers. All subjects were non-smokers and in good 
health. They were not taking any medication at the time. 

45 gram (mean) fermented butter was consumed diurnal for exactly 30 days and the 
volunteer has kept the normal diet during the experiment. Before and the end of 
20 experiment, a venous blood sample was drawn. 
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Table 1. 

Proximate composition, fatty acids of fermented butter prepared from fermented 
yogurt. 



Caproic acid 6:0 



Common Abbreviation %-saturated %-mono- di- tri- Name 

unsaturated 



1,8 



Caprylic acid 8:0 



10 Capric acid 



Laurie acid 



15 



10:0 



12:0 



Myristic acid 14:0 



Myristoleinic acid 14:1 



1,2 
2,9 
3,7 
11,1 



0,9 



Pentadecaneic acid 15:0 



20 Palmitic acid 



16:0 



0,9 
33,6 



Palmitoleic acid 16:1 



1,5 



25 



Margarine acid 17:0 



Heptadecanic acid 17:1 



0,4 



0,2 



Stearic acid 



18:0 



10,1 



30 Oleic acid 



18:1 



22,7 
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Linoleic acid 18:2 2,5 

Alfa-linolenic 18:3 0,4 

5 Octadecatetraic acid 18:4 0,1 

Arachidic acid 20:0 0,2 

Gadoleicacid 20:1 0,2 

10 

Elcosadienic acid 20:3,4 0,2 

EPA 20:5 0,1 

15 Behenicacid 22:5 0,1 

Total 65,9% 28^9% 
The purity of the analysed butter was 94,8%. 
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CLAIMS 

1 . Fermented milk product, comprising bacteria from the Lactobacillus species and yeast 
having a galactose content of less than 1,2 g/1, a lactose content of less than 1,2 g/1, 
and lactic acid content of at least 0.2 weight %. 

2. Fermented milk product according to claim 1, characterised in that the galactose 
content is less than 0,4 g/1 and the lactose content of less than 0,4 g/1. 

3. Fermented milk product according to claim 1 and/or 2, characterised in that the 
Lactobacillus species is chosen from L. helveticus(AD4550/0l DSM 14492)and L. 
acidophilus^. 67 DSM 14499). 

4. Fermented milk product according to any of claims 1 -3, characterised in that the 
product is yogurt, butter or cheese. 

5. A method for producing a fermented milk product, comprising bacteria from the 
Lactobacillus species and yeast having a unique combination of galactose content of 
less than 1,2 g/1, a lactose content of less than 1,2 g/1, and lactic acid content of at 
least 0.2 weight %, characterised in that milk is heated, Lactobacillus bacteria are 
added and the bacterial suspension is incubated at 25-30, preferably at 37°C for 2-24, 
preferably 12 hours in normal atmosphere, the yogurt produced diluted with water to 
drive the fermentation processes Anther and additional Lactobacillus bacteria and 
yeast is added and the suspension is incubated at 15-25 °C, preferably at room 
temperature for 1-15, days, preferably 7 days in a closed system. 

6. Use of a fermented milk product according to any of claims 1- 5, for the production of 
a pharmaceutical for lowering of plasma triglycerides and lipids. 
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7. Use of a fermented milk product according to any of claims 1- 5, for the production of 
a pharmaceutical or probiotic product for hampering and/or profylax of cell death, 
especially caused by the consumption of alcohol. 

8. Use of a fermented milk product according to any of claims 1- 5, for the production of 
a pharmaceutical or probiotic product for hampering and/or profylax of fatty-liver, 
especially caused by the consumption of alcohol. 

9. Use of a fermented milk product according to any of claims 1- 5, for the production of 
a pharmaceutical or probiotic product for profylax and treatment of atherosclerosis 
and coronary heart disease. 



10. Use of a fermented milk product according to any of claims 1- 5, for the production 
of a pharmaceutical or probiotic product for profylax and treatment of lactase and 
galactase deficient individuals. 

1 1 . A symbiotic or functional food product comprising a fermented milk product 
according to any of claims 1- 5 reducing alcohol content in the Gl-tract, in the blood 
and in the systemic circulation in humans. 
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Figure 1C 
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Figure 2A 



Titration of fermented yoghurt on serum-alcohol 
phamacokinetics in one human volunteer 
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Figure 3 
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Effect on blood alcohol concentration (BAC) 
of delayed adminstration of fermented yogurt 
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Figure 4 
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Figure 5 

Effect of fermented yogurt/butter on Atherogenic Index 
4,5 in five individuals 
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